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Abstract. In this paper, continuation of Gil de Paz et 
al. (Paper I), we derive the main properties of the stellar 
populations in the Blue Compact Dwarf galaxy Mrk 86. 
Ages, stellar masses, metallicites and burst strengths have 
been obtained using the combination of Monte Carlo sim- 
ulations, a maximum likelihood estimator and Cluster and 
Principal Component Analysis. The three stellar popula- 
tions detected show well defined properties. We have stud- 
ied the underlying stellar population, which shows an age 
between 5-13 Gyr and no significant color gradients. The 
intermediate aged (30Myr old) central starburst show a 
very low dust extinction with high burst strength and high 
stellar mass content (~9x10 6 Mq). Finally, the proper- 
ties of 46 low-metallicity (^1/10 Zq) star-forming regions 
were also studied. 

The properties derived suggest that the most recent 
star-forming activity in Mrk 86 was triggered by the evo- 
lution of a superbubble originated at the central starburst 
by the energy deposition of stellar winds and supernova 
explosions. This superbubble produced the blowout of a 
fraction of the interstellar medium at distances of about 
1 kpc with high gas surface densities, leading to the acti- 
vation of the star formation. 

Finally, different mechanisms for the star formation 
triggering in this massive central starburst are studied, 
including the merging with a low mass companion and the 
interaction with UGC 4278. We have assumed a distance 
to Mrk 86 of 6.9 Mpc. 
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1. Introduction 

The high star formation rate (SFR hereafter) and low neu- 
tral gas content deduced for dwarf star-forming galaxies 
imply consumption time-scales of about 10 9 yr (Fanelli 
et al. |1988| ; Thuan & Martin |1981| ), m uch sh orter than 
the age of the Universe. Searle et al. (1973) suggested 



that either these objects are truly young systems or they 
have an intermittent star formation history with short 
intense star-forming episodes followed by long quiescent 
phases. Although this question remained unanswered dur- 
ing decades (Th uan |1983j ; Campbell & Terlevich |1984 ; 
Loose & Thuan 1985), nowadays, most of the studies 



on dwarf star-forming systems, including Blue Compact 
Dwarf galaxies (BCD hereafter), have revealed the exis- 
tence of an evolved under lying population (Kunth et al. 
1988| ; Hoff man et al. |l990| ; Papad eros et al. |l996b[ Dou- 
blier |l998t Norton & Salzer |l997p . 

Therefore, the understanding of the mechanism, or 
mechanisms, governing this star formation regulation is 
the stepping stone of the dwarf star-forming galaxies evo- 
lution. Moreover, this mechanism constitutes the missing 
link between the different dwarf star-forming galaxies (Silk 
et al. 119871 Burkert |1989[ Drinkwater & Hardy \L99l\ Pa- 



paderos et al. 1996b) 



There are two different approaches to address these 
questions. On the one hand, statistical analysis of a sample 
of these objects will allow the study of the relationships be- 
tween fundamental parameters and properties of the star- 
forming dwarf galaxies (Marlowe et al. 1995; Papaderos et 
al. 1996a, 1996t). On the other hand, the detailed analy- 



sis of individual low-redshift objects with multiple regions 
of star formation is fundamental to reconstruct their star 
formation histories. In particular, we can obtain a bet- 
ter understanding of possible effects of merging or some 
internal process as self-propagation that could originate 
the spreading of star formation, and the effects of these 
star-forming events on the future star formation. 

Among dwarf galaxies, Blue Compact Dwarf galaxies 
conform the subpopulation where the star-forming events 
are most violent. Blue Compact Dwarfs are low-luminosity 
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(Mb > — 18 m )[] galaxies with compact sizes whose spectra 
are similar to those of low metallicity H n regions (Searle 
fc Sa rgent |1972| ; Kunth & Sargent |l986j ; Thuan & Martin 
1981). Their spectra are characterized by emission lines 



over a blue continuum which implies the existence of a 
large fraction of OB stars and an intense star-forming ac- 
tivity. 

The Blue Com pact Galax y Mrk 86=NGC 2537 (Shap- 
ley & Ames 1932) ; Markarian 1969), also known as Arp 6 
(Arp 1966), constitutes an excellent laboratory to test the 
BCD star formation history since its star-forming regions 
populate all the galaxy. This object is the propotype of the 
iE galaxies, the most important BCD galaxies subclass, 
that conform 70 per cent of the BCD galaxies (Thuan & 



Martin 1981; Thuan 1991) 



In Gil de Paz et al. (2000a; Paper I hereafter) we pre- 
sented observational data for the underlying population 
and star-forming regions of Mrk 86. We provided sizes, 
BVRJHK magnitudes, colors and emission-line fluxes for 
most of these regions. The evolutionary synthesis models 
used in this paper were also extensively described. 

Now, we describe the procedure employed to compare 
the colors measured and those predicted by the evolution- 
ary synthesis models in Sect. ||. The properties of the un- 
derlying stellar population, central starburst an d re cent 
star- forming regions are studied in Sect. 3T, 3J2 and 3.3 , 



respectively. Electron densities, temperatures and metal 
abundances for the brig hte st star-forming regions in the 
galaxy are given in Sect. 3T. Finally, in Sect. |J, we provide 
a global interpretation of the short- and mid-term star for- 
mation history of the galaxy. The main conclusions from 
this study are summarized in Sect. ^. 

2. Data-models comparison method 

2.1. Determination of the underlying population 
properties 

The optical-near-infrared colors measured for the under- 
lying stellar component (see Sect. 5 and 6.1 in Paper I) 
have been compared with those predicted by the Bruzual 
& Chariot (priv. comm.) evolutionary synthesis models. 
We have obtained the best-fitting model for each point in 
the color profiles (see Fig. 6 of Paper I) using a maximum 
likelihood estimator. This maximum likelihood estimator 
is defined as, 



C(t,b,Z) = ]l 

71=1 



1 



27rAC„ 



exp 



(c n — C n ) z 

2AC„ 2 



(1) 



where C n (with n=l-5) are the B — V, V-R, R-J, J-H 
and R — K colors measured, and c n are those predicted by 
the evolutionary synthesis models. The colors measured 
were corrected for Galactic extinction using an extinction 
in the B-barrd of 0.1 5 m (Burstein & Heiles |1982|). 



We have studied different star formation histories for 
the formation of this component. In particular, we have 
considered instantaneous and 1, 3 and 7Gyr duration 
bursts and continuous star formation models. This com- 
parison has been restricted to models with metallicity 
lower than the solar value. We are confident with this as- 



sumption since the gas metallicities derived in Sect. 3.4 for 



the galaxy star-forming regions are lower than one tenth 
solar. 



2.2. Determination of the star-forming regions properties 

A more elaborated comparison method has been used in 
the case of the galaxy star-forming regions. This com- 
parison method is fully described in Gil de Paz et al. 



( 20001 ) . Briefly, it combines Monte Carlo simulations and 



For iyo=75kms" 1 Mpc" 1 (Thuan & Martin 1981) 



a maximum likelihood estimator with Cluster and Princi- 
pal Component Analysis. 

The maximum likelihood estimator employed is very 
similar to that described in Sect. 2.1, but replacing the 
R — J and R — K colors by the V — J and J — K colors. In 
addition, since these regions have intense Ha emission, we 
have included a new term, defined as mfl+2.5xlog(J f H Q i)- 
This term is equivalent to the Ha equivalent width (EW 
hereafter) term, 2.5xlogEW(Ha), used in Gil de Paz et al. 
( p000h| ). The m R magnitudes are those measured within 
the apertures given in Paper I. 

In order to properly derive this new term, we have com- 
puted the fraction of Ha flux, i.e. the fraction of Lyman 
photons, due to the stellar continuum measured within the 
apertures. Two different approaches can be followed. First, 
we could measure the Ha fluxes using these apertures. 
However, since the Ha emission is usually more extended 
than the continuum emisson, this procedure would sis- 
tematically underestimate the Ha flux (see, e.g. #8, #13, 
#18, #50, #70 and #80 regions). Therefore, we have used 
an alternative method. We measured the total Ha using 
the COBRA program (see Paper I) . Then, we assumed that 
the fraction of photons emitted within the apertures rela- 
tive to the total emission is equivalent for the Lyman and 
i?-band continuum. Thus, considering that the apertures 
were obtained at e-, e 2 - or e 3 -folding radii and assuming 
gaussian ligth profiles, this light fraction can be computed 
for each region. The values obtained for this fraction, /, 
are given m Table | 

Then, multiplying these flux ratios by the total Ha 
fluxes given in Table 4 of Paper I, we derive the Ha lumi- 
nosities due to the continuum emission measured within 
the apertures. 

The Ha fluxes were corrected for extinction using 
the E(B — lOg as color excesses provided by the H/3- 
Ha, H7-H/3 Balmer decrements. In addition, the broad- 
band magnitudes and colors were corrected for extinc- 
tion assuming that the extinction affecting the stellar 
continuum and the gas extinction are related v ia E( B — 
^)co„ti„uum=0.44x£;( J B - VOgas (Calzetti et al. p9q ). In 
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Table 1. Age and mass-to-light ratio for the underlying stellar population. The best-fitting model in all these solutions 
is two-fifths solar metal abundant. Solutions for an instantaneous, 1, 3 and 7Gyr duration burst and constant star 
formation rate models are shown. 





A B 


i^O.O" 1 


Aba 


=0.20 m 


Aba 


=0.0 m 


Aba 


=0.20 m 


Aba 


=0.0 m 


Aba 


=0.20 m 


d 

(kpc) 


t 

(Gyr) 


M/Lk 1 


t 

(Gyr) 


M/Lk 


t 

(Gyr) 


M/Lk 


t 

(Gyr) 


M/Lk 


t 

(Gyr) 


M/Lk 


t 

(Gyr) 


M/Lk 






Instantaneous burst 




1 Gyr burst 






3 Gyr burst 




0.88 


5.0 


0.62 


2.2 


0.41 


5.5 


0.62 


3.0 


0.44 


6.5 


0.62 


4.0 


0.43 


0.97 


5.2 


0.63 


2.4 


0.44 


6.0 


0.64 


3.2 


0.46 


7.2 


0.67 


4.2 


0.45 


L06 


6.0 


0.68 


3.8 


0.56 


6.5 


0.68 


3.8 


0.48 


8.5 


0.74 


5.0 


0.51 


1.16 


8.7 


0.83 


5.2 


0.63 


9.8 


0.86 


5.8 


0.63 


10.5 


0.85 


6.5 


0.62 


1.27 


8.0 


0.80 


3.8 


0.56 


8.5 


0.80 


5.2 


0.61 


9.2 


0.79 


5.8 


0.56 


1.36 


9.5 


0.87 


5.5 


0.64 


9.8 


0.86 


6.0 


0.64 


11.2 


0.88 


7.2 


0.67 


1.47 


9.5 


0.87 


5.8 


0.66 


9.8 


0.86 


6.2 


0.66 


11.2 


0.88 


7.2 


0.67 


1.57 


9.5 


0.87 


5.5 


0.64 


9.8 


0.86 


6.0 


0.64 


11.2 


0.88 


7.2 


0.67 





Aba 


=0.0 m 


Aba 


=0.20 m 


Aba 


=0.0 m 


Aba 


=0.20 m 


d 


t 


M/Lk 


t 


M/Lk 


t 


M/Lk 


t 


M/Lk 


(kpc) 


(Gyr) 




(Gyr) 




(Gyr) 




(Gyr) 








7 Gyr burst 






Continuous 




0.88 


8.5 


0.58 


7.2 


0.49 


>20 


>0.73 


19.2 


0.72 


0.97 


9.2 


0.64 


7.5 


0.51 


>20 


>0.73 


>20 


>0.73 


1.06 


10.8 


0.74 


7.8 


0.53 


>20 


>0.73 


>20 


>0.73 


1.16 


12.2 


0.82 


9.0 


0.62 


>20 


>0.73 


20.0 


0.73 


1.27 


11.2 


0.76 


7.8 


0.53 


>20 


>0.73 


>20 


>0.73 


1.36 


13.0 


0.86 


9.2 


0.64 


>20 


>0.73 


20.0 


0.73 


1.47 


13.8 


0.90 


9.8 


0.67 


>20 


>0.73 


20.0 


0.73 


1.57 


13.0 


0.86 


9.2 


0.64 


>20 


>0.73 


20.0 


0.73 



Aba = Ab, internal 

M/Lk is expressed in Mq/L k q 



those regions where Balmer line ratios were not mea- 
surable we assumed an average extinction of E(B — 
y) gas =0.34 m . This value was obtained as the mean of the 
color excesses given in Table 5 of Paper I for those regions 
with accessible Balmer line ratios. 



Thus, each star-forming region has a point associ- 
ated in the B — V, V - R, V - J, J - H, J — K, 
rriji+2.5x\og(Fn a ) six-dimensional space. However, the 
corresponding uncertainties transform these points into 
probability distributions. Using a Monte Carlo method 
with 10 3 points and assuming gaussian errors we recon- 
structed these probability distributions. Then, we com- 
pared each of these 10 3 points with our models using the 
maximuum likelihood estimator described above. Since 
these models are parametrized in age, i; burst strength, 
6; and metallicity, Z, of the burst stellar population, this 
method effectively provides the (t,b,Z) probability distri- 
bution for each input region (see Table ||). 

Finally, we studied the clustering pattern present in 
these distributions using a hierarchical clustering method 



(see Murtagh & Heck 1987). This method allows to isolate 



different solutions in the (t,b,Z) space. We grouped the 
10 3 (t,b,Z) points in three clusters of solutions. Then, we 
performed a Principal Component Analysis (see Morrison 



1976) for each individual solution (see Gil de Paz et al. 



2000b for a more complete description of this procedure). 



For the central starburst component we used a similar 
procedure. However, since no Ha emission was detected 
for this component, the mij+2.5xlog(i 7 HQ) term was not 
included in the maximum likelihood estimator. In addi- 
tion, we introduced the continuum color excess E(B — V) 
as a free parameter. Color excesses in the range 0.0-1.0 m 
were studied, where 0.05 m is the Galactic color excess. 
For each of the 10 3 Monte Carlo particles the full range 
was explored, obtaining the best-fitting color excess and 
(t,b,Z) array. 

3. Results 

3.1. Underlying population 

In this section we describe the results obtained after com- 
paring the colors measured and those predicted by the 
evolutionary synthesis models. 

We compared the model predictions with the optical- 
near-infrared colors measured without correcting for inter- 
nal extinction (^4_B,i n tornai=0.0 m ) and using an extinction 
correction factor of 0.20 m in the B-band. The latter value 
corresponds approximately to two times the extinction of 
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a Galactic-type disk with an inclination of 40° relative to 
the plane of the sky (see Gil de Paz et al. |1999[ GZG 



hereafter; see also Gil de Paz 2000). Therefore, the results 



obtained applying these extinction correction factors can 
be taken as upper and lower limits for the age and mass- 
to-light ratio of this population, respectively. 

The same metallicity, 2/5 Zq, was obtained at any 
galactocentric distance in the interval 0.9-1.6 kpc. Since 
these results, basically age and mass-to-light ratio, were 
obtained using only aperture colors, they are not affected 
by the distance uncertainty described in Sect. 2.1 of Pa- 
per I. 

The ages derived range between 5.0 Gyr at galacto- 
centric distances of about 0.9 kpc and 9.5 Gyr at dis- 
tances larger than 1.3 kpc (for an instantaneous burst and 
AB,intemai=0.0 m ). The corresponding interval in Zf-band 
mass-to-light ratio was 0.62-0.87 Mq/L^q (see Tabic 0). 
The change in the age and mass-to- light ratio of the stellar 
population at distances shorter than 1.3 kpc is due to con- 
tamination from the plateau component (see the B-band 
profile decomposition given in Papaderos et al. 1996a). 



Since the spatial extent of this component coincides with 
the Ha emitting zone (see Fig. 7 in Paper I), this con- 
tamination is probably related with a progressively higher 
contribution of the recent star-forming regions to the total 
emission. 

The outer region of the galaxy color profiles seems to 
indicate that no significant age gradients are present. How- 
ever, a small positive metallicity or extinction gradient 
could compensate the existence of a negative age gradi- 
ent, or vice versa, reproducing the observed color profiles. 

The results shown in Table [l] also suggest that, 
although the age of the underlying stellar population 
(d>1.3kpc) could range between 5 and 13 Gyr depending 
on the star formation history considered, the mass-to-light 
ratio in the X-band is very well constrained for a given 
extinction correction. Thus, the ZT-band mass-to-light ra- 
tio for Ab , internal =0.0 m is approximately 0.87 Mq/L k q 
and 0MMq/L k< q for A Siilltenial =0.20 m . 

The small differences (<30 per cent) obtained in the 
maximuum likelihood estimator after comparing our data 
with models with burst duration shorter than 7 Gyr pre- 
vent us to infer the star formation history and internal 
extinction of the underlying stellar population. Therefore, 
we are not able to determine if this stellar population has 
effectively formed in a instantaneous burst or during long 
(several Gyr) periods of ti me as it has been observed in 
I Zw 18 (Aloisi et al. 1999 ). Only continuous star forma- 
tion models (or with a duration for the burst longer than 
7 Gyr) can be rule out since their very low maximuum 
likelihood estimators and too old ages derived. 

The evolutionary synthesis models developed for the 
analysis of the star-forming regions properties only de- 
pend on the observed colors and mass-to-light ratio of the 
underlying st ellar population. Therefore, the conclusions 
given in Sect. 3J3 for the study of these regions are not af- 



fected by our ignorance on the past star formation history 
of the galaxy. 

In order to build these models (see Paper I and 
Sect. 3.3) we adopted a mass-to-light ratio for the under- 
lying stellar population of O^Mq/L^ q in the fiT-band, 
which corresponds to a null internal extinction value. 
However, if the internal extinction was relatively higher, 
e.g. Ab, intornai=0.20 m , the mass-to-light ratio could be a 
25 per cent lower yielding slightly different pro pert ies for 
the most recent star- forming regions (see Sect. |3.3| ). 

3.2. Central starburst 

After applying the comparison procedure described in 
Sect. 2.2, we obtained the three clusters of solutions in 



the age, burst strength, metallicity and color excess four- 
dimensional space. Two of these three solutions show 
probabilites lower than 1 per cent. In Fig. |l| we show 
the distribution of the total number of solutions obtained 
within the remaining solution cluster which has a proba- 
bility of 98 per cent. 

The age obtained for the starburst component is about 
30 Myr, and the burst strength is 20 per cent. Fig. 0c shows 
that the continuum color excess is very well constrained 
between 0.06 and 0.08 m . The starburst age derived agrees 
with the absence of Ha emission for this component. The 
expected Ha equivalent width in emission at ages older 
than 30 Myr and 20 per cent burst strength is lower than 
2 A for any stellar metallicity^. 

In order to confirm these results, we will compare the 
H6 equivalent width and D 400 o, Mg2, Fe5270 and Fe5406 
spectroscopic indexes measured with the values predicted 
by the evolutionary synthesis models. Unfortunately, we 
only dispose of spectroscopic index predictions for the 
case of pure burst models. Therefore, we will derive the 
spectroscopic indexes of this component using the predic- 
tions from pure burst models and the burst strength given 
above. In this way, a molecular index like Mg2 (see Gor- 
gas et al. 1993), can be written for a composite stellar 
population as 



Mg2 = Mg2 s - 2.5 log - 



1 _i_ l-fe MLR S i n-0.4(MK2„-MK2,) 



b MLR U 



1 



1-fc MLR S 
b MLR U 



(2) 



where, Mg2 u and Mg2 s are the spectroscopic indexes for 
the underlying stellar population and the young starburst, 
MLR U and MLR S are the mass-to-ligth ratios at the con- 
tinuum and b is the burst strength in mass. The mass- 
to-ligth ratios MLR U and MLR S are, respectively, 3.436 

2 The comparison of the integrated colors with pure burst 
models results in a intermediate age (~1 Gyr), like that used in 
GZG. However, the use of the predictions of evolutionary syn- 
thesis models for composite stellar populations yields younger 
ages. Since the contribution of the central starburst component 
to the total mass distribution given in GZG is negligible, the 
conclusions derived in that paper are not affected by this new, 
more reliable, age determination. 



A. Gil de Paz et al.: Mapping the star formation history of Mrk 86* 



5 



Table 2. Spectroscopic indexes for the underlying pop- 
ulation (2/5 Zq metal abundant), starburst component 
(2/5 Zq and 1/5 Zq metal abundant) and for the compos- 
ite stellar population using a 30 Myr old burst with burst 
strengths 20, 10 and 5 per cent. EW(Htf) and Fe5270 and 
Fe5406 indexes are expressed in A. 

Starburst metallicity: Z=2/5Zq 





Under. 


Starb. 


Composed 


Obs. 


Cor. 


b=0.2/0.1/0.05 


Mg2 


0.186 


0.042 


0.05/0.07/0.08 


0.06 


0.08 


EWm 


2.91 


6.18 


5.89/5.59/5.14 


6.0 




D4000 


2.01 


1.14 


1.19/1.24/1.32 


1.38 


1.38 


Fe5270 


2.508 


0.625 


0.95/1.23/1.57 


1.20 


1.10 


Fe5406 


1.369 


0.371 


0.54/0.69/0.87 


0.74 


0.66 




Starburst metallicity: Z=1/5Z 









Under. 


Starb. 


Composed 


Obs. 


Cor. 


b=0.2/0.1/0.05 


Mg2 


0.186 


0.035 


0.05/0.06/0.08 


0.06 


0.08 


EWm 


2.91 


6.43 


6.11/5.78/5.30 


6.0 




D4000 


2.01 


1.16 


1.21/1.26/1.34 


1.38 


1.38 


Fe5270 


2.508 


0.723 


1.03/1.29/1.60 


1.20 


1.10 


Fe5406 


1.369 


0.374 


0.54/0.69/0.86 


0.74 


0.66 



Fig. 1. Frequency histograms for the central starburst a) 
age, b) burst strength, c) continuum color excess and d) 
stellar mass. 



and 0.084 Mq/L B) in the B-band (Bruzual & Chariot 
priv comm. for Z=2/5Zq), using M B q=5.51 (Worthey 



199p . In the case of an atomic index (Fe5270 and Fe5406) 



or the equivalent width of H<5, it can be derived using 



EW(H5) = 



(1 - &)AiXi? s EW(IF5) u + b AfXi? u EW(H<5) £ 
(1 - b)MLR s + b MLR U 



Then, assuming 

f 4050(l + z) , 2 , 

i_4250(i+,) A h,» dX _l~b MLR S 

I 



(3) 



where EW(H5) U and EW(H5) S are the US equivalent 
widths (or Fe5270 and Fe5406 indexes) of the underlying 
and young stellar populations. 

Finally, we define the D4000 index (Bruzual 1983; Gor- 
gas et al. 1999| ) as 



D 



f 4050(l+z) , 2 f 
■14250(1+*) A J* aA 



4000 



J4250(l+z) 
3950(1+2) 



I; 



3750(l+z) 



\ 2 fxd\ 



(4) 



4050(l+z) 
4250(l+z) 



\ 2 fx,sd\ 



b MLR U 



(5) 



where f\, u an d fx,s are the fluxes per unit wavelength of 
the underlying and starburst populations (/a=/a,u+/a,s), 
we obtain the following expression for the D4000 index, 



D 



4000 



(1 - b)MLR s + b MLR U 



(1 - b)MLR s (- } 



bMLRM 



(6) 



The continuum mass-to-ligth ratios used were those 
predicted for the B-band in the Mg2, EW(H<5) 
and D4000 cases and for the y-band in the case 
of the iron indexes (M LR u y =2.80Mq/L v q and 
MiiJg, v=O.O147M /L Vi0 for Z=2/5Z ). The latter 
mass-to-li ght r atios were obtained using M v q =4.84 
(Worthey |l994[ ). 

Then, using these expressions and the index values 
for the underlying and starburst populations -from the 
predictions of the SSP Bruzual & Chariot (priv. comm.) 
models-, we obtained the results shown in Table 0. The 
indexes measured (column 5 in Table |^) were corrected 
in order to take into account the different spectral reso- 
lution between our spectra and those where the Lick in- 



dexes were originally defined (see Gorgas et al. 1993 and 
references therein) and also the fact that our spectra are 
flux-calibrated. 

Thus, the Mg2 index in the Lick system should be 
0.02 magnitudes higher than that measured on flux- 
calibrated spectra (J. Gorgas, priv. comm.). On the other 
hand, small differences in the spectral resolution rela- 
tive to the Lick library spectra yield significant changes 
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Table 3. Mean value and standard deviation for the age, burst strength, mass and metallicity of each individual 
cluster of solutions. Only the properties of those clusters with probability higher than 20 per cent for each region in 
column 1 are given. Results for models with 15 per cent and a null fraction of Ly photons escaping from the galaxy are 
shown separately. Probabilities for these clusters of solutions are given in columns 6 and 11. Metallicity is expressed 
aslog(Z/Z ). " 



Any metallicity 



# 


Age 
(Myr) 




15% escaping Ly photons 
log fa Z 


log M 
(M ) 


Probab. 
(%) 


Age 
(Myr) 




log fa 


> escaping Ly photoi 

Z 


"IS 


log M 
(M ) 


Probab. 
(%) 


/ 
(%) 


6 


6.03±0.73 


-2 


02±0 


34 


-0.45±0.11 


3 


76±0 


35 


94 


9 


6.00±0.75 


-2 


03±0 


35 


-0.45±0.12 


3 


75 ±0 


35 


94 


6 


72 





7 


6.76±1.06 


-2 


14±0 


34 


0.31±0.17 


3 


94±0 


35 


76 


7 


6.75±1.05 


-2 


14±0 


34 


0.31±0.16 


3 


94±0 


35 


76 


5 


64 


2 


7 


6.98±0.69 


-2 


47±0 


22 


-0.41±0.06 


3 


72±0 


22 


22 


7 


6.98±0.68 


— 2 


47±0 


22 


-0.41±0.06 


3 


72±0 


22 


22 


9 






8 


5.57±0.43 


-1 


75 ±0 


17 


0.40±0.02 


4 


19±0 


18 


82 


9 


5.57±0.44 


— 1 


75±0 


17 


0.40±0.02 


4 


18±0 


19 


82 


8 


69 


2 


12 


6.75±0.92 


-2 


12±0 


31 


0.33±0.15 


3 


91±0 


32 


76 


2 


6.75±0.93 


-2 


13±0 


31 


0.33±0.15 


3 


91±0 


32 


75 


9 


71 


9 


12 


7.53±1.48 


-2 


40±0 


32 


-0.44±0.10 


3 


75±0 


32 


20 


5 


7.53±1.48 


-2 


41±0 


34 


-0.45±0.11 


3 


73±0 


35 


20 


8 






13 


5.00±0.13 


-1 


52±0 


16 


0.40 


4 


93±0 


19 


52 


1 


5. 01±0. 13 


-1 


51±0 


17 


0.40 


4 


92±0 


20 


53 


6 


51 


6 


13 


6.36±0.17 


— 1 


68±0 


07 


-0.40±0.01 


4 


93±0 


07 


47 


4 


6.35±0.18 


-1 


68±0 


07 


-0.40±0.01 


4 


93±0 


07 


46 









14 


7.01±1.11 


-1 


70±0 


47 


0.28±0.18 


4 


20±0 


50 


60 


6 


7.00±1.11 


-1 


71±0 


47 


0.29±0.18 


4 


19±0 


50 


60 


7 


77 


3 


14 


7.64±0.68 


-2 


02±0 


17 


-0.41±0.06 


4 


12±0 


17 


39 


2 


7.63±0.67 


-2 


02±0 


17 


-0.41±0.06 


4 


12±0 


17 


39 


1 






15 


8.80±0.25 


-1 


16±0 


16 


0.00 


5 


11±0 


19 


99 


3 


8.80±0.25 


-1 


16±0 


16 


0.00 


5 


11±0 


19 


99 


3 


69 


2 


16 


10.40±0.47 


-0 


81±0 


15 


0.00 


5 


63±0 


19 


89 


1 


10.40±0.47 


-0 


82±0 


15 


0.00 


5 


62±0 


19 


89 


1 


56 





18 


4.64±0.51 


-1 


69±0 


09 


-0.66±0.11 


4 


98±0 


09 


84 


5 


4.59±0.48 


-1 


70±0 


09 


-0.66±0.11 


4 


97±0 


09 


80 


6 


68 


2 


19 


10.17±0.37 


-1 


08±0 


10 


0.00 


5 


47±0 


12 


99 


8 


10.17±0.37 


-1 


09±0 


10 


0.00 


5 


47±0 


12 


99 


8 


54 


6 


21 


8.71±0.05 


— 


80±0 


19 


0.00 


5 


12±0 


24 


99 


8 


8.71±0.05 


-o 


80±0 


18 


0.00 


5 


n±o 


24 


99 


8 


42 





23 


7.88±0.58 


-1 


56±0 


19 


-0.43±0.09 


4 


26±0 


19 


82 


5 


7.87±0.58 


-1 


56±0 


19 


-0.43±0.09 


4 


26±0 


19 


81 


8 


69 


5 


26 


10.07±1.36 


— 1 


40±0 


05 


-0.54±0.15 


6 


36±0 


05 


78 





10.05±1.37 


-1 


40±0 


OS 


-0.54±0.15 


6 


35±0 


OS 


78 





82 


6 


26 


7.61±0.41 


-1 


25±0 


19 


0.00 


6 


33±0 


23 


21 


5 


7.61±0.41 


-1 


26±0 


19 


0.00 


6 


33±0 


23 


21 


5 






27 


4.66±0.63 


-2 


16±0 


09 


-0.48±0.30 


5 


03±0 


09 


64 





4.54±0.64 


-2 


18±0 


09 


-0.46±0.32 


5 


00±0 


09 


62 


8 


52 


8 


27 


2.73±0.37 


-2 


28±0 


05 


0.40 


4 


91±0 


05 


25 


2 


2.71±0.38 


-2 


29±0 


OS 


0.40 


4 


90±0 


OS 


26 


7 






28 


9.86±0.53 


-1 


14±0 


13 


0.00 


5 


18±0 


15 


78 


3 


9.86±0.53 


-1 


15±0 


13 


0.00 


5 


18±0 


15 


78 


3 


64 


7 


29 


14.50±1.47 


— 1 


07±0 


13 


0.00 


5 


46±0 


15 


99 


8 


14.48±1.46 


— 1 


07±0 


13 


0.00 


5 


46±0 


14 


99 


8 


65 


2 


30 


9.39±0.71 


-1 


17±0 


19 


0.00 


5 


21±0 


22 


75 


1 


9.39±0.71 


-1 


17±0 


19 


0.00 


5 


21±0 


22 


75 


4 


68 


2 


32 


7.64±0.78 


— 1 


52±0 


56 


-0.25±0.20 


4 


78±0 


65 


98 


5 


7.63±0.79 


-1 


53±0 


57 


-0.25±0.20 


4 


78±0 


66 


98 


5 


58 


9 


33 


9.03±0.49 


-0 


75±0 


33 


0.00 


5 


32±0 


41 


99 


8 


9.03±0.49 


-0 


75±0 


33 


0.00 


5 


32±0 


41 


99 


8 


44 


4 


34 


3.82±1.73 


— 1 


Cilzhl 


06 


0.37±0.10 


3 


48±1 


26 


46 


3 


3.81±1.72 


— 1 


61±1 


OS 


0.37±0.10 


3 


48±1 


25 


45 


7 


76 


7 


34 


5.81±0.88 


-1 


51±0 


65 


-0.46±0.12 


3 


89±0 


71 


32 


1 


5.79±0.86 


-1 


52±0 


64 


-0.45±0.12 


3 


89±0 


70 


31 


7 






34 


7.66±2.11 


— 1 


90±0 


38 


-1.70 


3 


71±0 


38 


21 


6 


7.53±2.18 


-1 


92±0 


40 


-1.70 


3 


69±0 


40 


22 


6 






37 


8.23±0.17 


-0 


93±0 


24 


0.00 


5 


76±0 


30 


86 





8.23±0.17 


-0 


93±0 


24 


0.00 


5 


76±0 


30 


86 


4 


57 


2 


40 


7.60±1.10 


— 1 


28±0 


20 


-0.24±0.32 


5 


63±0 


24 


95 


5 


6.84±0.63 


— 1 


29±0 


24 


0.01±0.07 


5 


60±0 


28 


62 


6 


80 





40 






















8.86±0.67 


-1 


28±0 


10 


-0.66±0.10 


5 


68±0 


11 


34 


4 






42 


12.92±0.93 


— 1 


31±0 


04 


-0.45±0.11 


5 


37±0 


04 


89 


8 


12.91±0.95 


-1 


31±0 


04 


-0.45±0.11 


5 


56±0 


OS 


89 


8 


51 


3 


43 


9.06±0.30 


-0 


73±0 


25 


0.00 


5 


16±0 


32 


99 


8 


9.05±0.29 


-0 


73±0 


25 


0.00 


5 


18±0 


32 


99 


8 


48 


3 


45 


19.32±0.97 


-0 


80±0 


06 


-0.70 


6 


21±0 


07 


97 


3 


19.33±0.98 


-0 


80±0 


OO 


-0.70 


6 


03±0 


07 


97 


4 


73 


9 


47 


5.13±0.17 


-1 


92±0 


11 


0.40 


4 


43±0 


12 


93 


2 


5.14±0.18 


-1 


92±0 


11 


0.40 


4 


60±0 


12 


93 


8 


50 


2 


48 


9.62±0.89 


-1 


34±0 


07 


-0.53±0.15 


5 


18±0 


08 


39 


6 


7.41±0.39 


-1 


29±0 


21 


0.00 


5 


10±0 


25 


55 


8 


49 


5 


48 


7.41±0.39 


— 1 


29±0 


21 


0.00 


5 


11±0 


25 


55 


4 


9.60±0.89 


-1 


34±0 


08 


-0.53±0.15 


5 


19±0 


08 


39 


3 






49 


13.46±0.67 


-1 


34±0 


14 


-1.70 


4 


74±0 


14 


35 


2 


8.25±1.26 


-1 


34±0 


29 


-0.36±0.27 


4 


48±0 


34 


64 


6 


59 


6 


49 


8.27±1.25 


— 1 


34±0 


29 


-0.36±0.27 


4 


49±0 


34 


64 


5 


13.44±0.67 


— 1 


34±0 


14 


-1.70 


4 


66±0 


14 


35 


1 






52 


4.46±0.17 


-1 


53±0 


12 


0.40 


5 


24±0 


14 


47 


6 


4.75±0.57 


-1 


53±0 


11 


0.31±0.17 


5 


25±0 


13 


63 


9 


76 


7 


52 


11.89±0.47 


-1 


19±0 


03 


-1.70 


5 


82±0 


03 


32 


5 


11.88±0.49 


-1 


19±0 


03 


-1.70 


5 


71±0 


03 


31 


1 






53 


9.69±0.47 


-1 


69±0 


10 


0.00 


4 


58±0 


11 


90 


2 


9.68±0.47 


-1 


69±0 


10 


0.00 


4 


65±0 


10 


90 


3 


65 


5 


56 


9.25±0.90 


— 1 


61±0 


18 


0.04±0.13 


4 


18±0 


19 


62 


7 


9.24±0.90 


-1 


61±0 


18 


0.04±0.13 


4 


19±0 


19 


02 


6 


63 


4 


56 


11.64±0.95 


-1 


79±0 


15 


-0.56±0.15 


4 


15±0 


15 


24 


9 


11.67±0.93 


-1 


78±0 


15 


-0.56±0.15 


4 


15±0 


15 


24 


8 






58 


4.86±0.32 


— 1 


76±0 


13 


0.37±0.11 


4 


61±0 


15 


76 


1 


4.86i0.32 


— 1 


75 ±0 


13 


0.37±0.10 


4 


57±0 


15 


75 


5 


70 


4 


59 


10.42±0.39 


-1 


32±0 


09 


0.00 


4 


95±0 


10 


60 





10.42±0.39 


-1 


32±0 


09 


0.00 


4 


91±0 


10 


60 


2 


65 


5 


59 


12.19±0.53 


-1 


78±0 


06 


-0.69±0.06 


4 


69±0 


06 


39 


9 


12.18±0.53 


-1 


78±0 


06 


-0.69±0.06 


4 


72±0 


06 


39 


7 






60 


8.77±1.32 


-2 


29±0 


35 


-0.28±0.26 


3 


54±0 


36 


70 


3 


8.78±1.32 


-2 


29±0 


35 


-0.28±0.26 


3 


58±0 


36 


70 


4 


65 


5 


60 


6.47±0.71 


-2 


43±0 


33 


0.40 


3 


41±0 


33 


25 


3 


6.49±0.63 


-2 


42±0 


32 


0.40 


3 


38±0 


32 


25 


3 






62 


8.86±0.56 


— 1 


27±0 


24 


0.00 


4 


73±0 


27 


75 


7 


8.85±0.55 


-1 


27±0 


23 


0.00 


4 


71±0 


20 


75 


9 


51 


1 


64 


5.19±0.26 


-1 


61±0 


15 


0.39±0.05 


4 


26±0 


17 


03 


2 


5.20±0.24 


-1 


60±0 


15 


0.39±0.05 


4 


41±0 


17 


63 


1 


51 


5 


64 


6.05±0.30 


— 1 


81±0 


15 


-0.41±0.06 


4 


40±0 


15 


32 


8 


6.02±0.32 


-1 


82±0 


15 


-0.42±0.07 


4 


21±0 


16 


32 


5 






65 


12.87±1.91 


-2 


19±0 


32 


-1.70 


3 


77±0 


32 


48 


5 


12.80±2.08 


-2 


20±0 


35 


-1.70 


3 


76±0 


35 


48 


4 


50 


2 


65 


6.35±2.55 


-2 


80±0 


66 


-0.39±0.26 


3 


10±0 


60 


28 


1 


6.39±2.51 


-2 


80±0 


66 


-0.38±0.26 


3 


24±0 


66 


28 


7 






65 


5.14±1.57 


-2 


76±0 


51 


0.40 


3 


24±0 


51 


23 


4 


5.19±1.54 


-2 


74±0 


51 


0.40 


3 


17±0 


51 


22 


9 






66 


6.56±0.53 


-2 


10±0 


16 


-0.43±0.15 


4 


46±0 


10 


74 


5 


6.55±0.54 


-2 


10±0 


16 


-0.43±0.15 


4 


55±0 


16 


74 


4 


78 


5 


68 


10.81±1.25 


-1 


87±0 


20 


-0.27±0.34 


4 


18±0 


21 


99 


5 


10. 80±1. 24 


-1 


87±0 


20 


-0.27±0.34 


4 


29±0 


21 


99 


5 


58 


9 


70 


12.00±0.48 


-1 


02±0 


04 


-1.70 


5 


94±0 


04 


67 


7 


11.99±0.48 


-1 


03±0 


04 


-1.70 


5 


72±0 


04 


67 





78 





70 


5.12±0.76 


— 1 


37±0 


12 


0.18±0.20 


5 


26±0 


13 


27 


9 


5.06±0.76 


-1 


37±0 


12 


0.19±0.20 


5 


18±0 


13 


28 


6 






74 


13.13±0.67 


-1 


62±0 


11 


-1.70 


4 


56±0 


11 


63 


6 


13.10±0.67 


-1 


62±0 


11 


-1.70 


4 


76±0 


11 


63 


9 


72 


3 


74 


7.71±1.16 


— 1 


73±0 


26 


-0.25±0.29 


4 


55±0 


29 


35 


3 


7.68±1.17 


-1 


73±0 


20 


-0.24±0.29 


4 


45±0 


29 


34 


9 






75 


9.50±1.45 


-1 


73±0 


25 


-0.36±0.29 


4 


17±0 


27 


71 


5 


9.51±1.45 


-1 


73±0 


25 


-0.36±0.29 


4 


17±0 


27 


71 


3 


68 


8 


75 


14.82±1.04 


-1 


68±0 


16 


-1.70 


4 


31±0 


16 


27 


3 


14.81±1.04 


-1 


68±0 


16 


-1.70 


4 


29±0 


16 


27 


5 






76 


7.25±1.21 


-1 


92±0 


39 


0.17±0.20 


3 


85±0 


40 


47 


2 


7.28±1.18 


-1 


91±0 


38 


0.17±0.20 


3 


93±0 


39 


46 


2 


48 





76 


8.63±1.19 


-2 


09±0 


22 


-0.50±0.14 


3 


87±0 


22 


29 





8.57±1.24 


-2 


09±0 


23 


-0.50±0.14 


3 


99±0 


23 


29 


1 






76 


13.03±1.17 


-1 


96±0 


20 


-1.70 


4 


15±0 


20 


23 


8 


13.04±1.00 


-1 


96±0 


17 


-1.70 


3 


91±0 


17 


24 


7 






77 


6.74±1.26 


-2 


14±0 


42 


-0.43±0.16 


2 


99±0 


43 


64 


8 


6.73±1.29 


-2 


14±0 


43 


-0.43±0.17 


3 


12±0 


43 


64 


3 


66 





78 


5.79±1.81 


-2 


59±0 


51 


-0.45±0.24 


2 


85±0 


51 


51 


1 


6.02±1.90 


-2 


53±0 


51 


-0.52±0.15 


2 


98±0 


51 


41 


8 


46 


3 


78 


8.25±4.88 


-2 


50±0 


78 


-1.70 


2 


81±0 


78 


33 


1 


8.10±4.84 


-2 


52±0 


77 


-1.70 


2 


78±0 


77 


33 


8 






78 






















3.91±1.38 


-2 


79±0 


39 


0.27±0.19 


2 


69±0 


39 


24 


4 






80 


6.18±0.46 


-1 


67±0 


26 


-0.50±0.14 


4 


28±0 


27 


61 





6.17±0.46 


-1 


67±0 


26 


-0.50±0.14 


4 


27±0 


27 


59 


7 


72 


6 


80 


4.27±0.81 


-1 


96±0 


23 


0.26±0.19 


4 


01±0 


24 


22 


1 


4.21±0.80 


-1 


97±0 


23 


0.26±0.19 


3 


84±0 


25 


24 


5 







in the atomic index values. The Lick library spectra 
show resolutions (^instrumental) of about 200 km s -1 for the 
Fe5270 and Fe5406 indexes (J. Gorgas, priv. comm.), be- 
ing ^instrumental for our spectra 116kms _1 . The corrected 
indexes are shown in column 6 of Table 

Despite of the results shown in this table are com- 
patible with those obtained from the optical-near-infrared 
colors analysis, the burst strength derived seems to be 
slightly lower. This difference is probably due to the dif- 



ference in size between the region covered by the slit #4b 
and the aperture used to measure the starburst colors. 

Therefore, we can conclude that our data, both colors 
and spectroscopic indexes, well agree with a scenario con- 
stituted by a 30 Myr old burst superimposed on a several 
Gyr old stellar population. 

Using the mass-to-light ratio predicted for the compos- 
ite stellar population, the burst strength and the absolute 
magnitude measured within the aperture we obtained the 
stellar mass for the starburst. This mass was corrected 
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Table 3. (cont.) Mean value and standard deviation for the age, burst strength, mass and metallicity of each individual 
cluster of solutions. Only the properties of those clusters with probability higher than 20 per cent for each region in 
column 1 are given. Results for models with 15 per cent and a null fraction of Ly photons escaping from the galaxy are 
shown separately. Probabilities for these clusters of solutions are given in columns 6 and 11. Metallicity is expressed 
aslog(Z/Z ). " 



Sub-solar metallicity 



# 


Age 
(Myr) 




15% e 
log fa 


scaping Ly photc 

Z 


log M 
(M ) 


Probab. 

(%) 


Age 
(Myr) 




0% escaping Ly photo 
log fa Z 


ns 
log M 
(M ) 


Probab. 

(%) 


6 


6.32±0.29 


-1 


88±0 


19 


— 


40 


3 


88±0 


19 


78 


9 


6.31±0.29 


-1 


89±0 


19 


— 


40 


3 


87±0 


19 


78 





r 


6.95±0.62 


-2 


48±0 


19 


— 


40 


3 


71±0 


19 


80 


7 


6.92±0.68 


-2 


49±0 


20 


— 


40 


3 


70±0 


20 


81 


1 


8 


8.91±0.79 


— 1 


99±0 


14 


— 1 


70 


4 


19±0 


14 


55 


2 


8.84±0.79 


-2 


00±0 


14 


— 1 


70 


4 


21±0 


14 


57 


8 


8 


5.90±0.45 


-2 


11±0 


16 


-o 


40 


4 


04±0 


16 


39 


5 


5.93±0.41 


-2 


10±0 


15 


-o 


40 


4 


05±0 


15 


30 


8 


12 


7.34±0.95 


-2 


43±0 


28 


-0 


40 


3 


71±0 


28 


44 


5 


7.21±1.10 


— 2 


47±0 


32 


-0 


40 


3 


68±0 


32 


44 


9 


12 


10.66±2.40 


-2 


45±0 


40 


— 1 


70 


3 


71±0 


40 


31 


4 


10.88±2.25 


-2 


42±0 


37 


— 1 


70 


3 


74±0 


37 


30 


3 


12 


9.48±1.57 


-2 


17±0 


33 


-0 


70 


3 


97±0 


33 


24 


1 


9.45±1.49 


-2 


19±0 


34 


-0 


70 


4 


10±0 


34 


24 


8 


13 


6.31±0.18 


— 1 


70±0 


08 


-0 


40 


4 


92±0 


08 


96 


6 


6.30±0.19 


— 1 


70±0 


08 


-0 


40 


4 


92±0 


08 


90 


6 


14 


7.47±0.61 


-2 


07±0 


18 


-0 


40 


4 


07±0 


18 


81 


4 


7.46±0.61 


-2 


07±0 


18 


-0 


40 


4 


07±0 


18 


81 


6 


15 


10.19±0.31 


-1 


82±0 


06 


-o 


70 


4 


81±0 


06 


59 


4 


10.21±0.33 


— 1 


82±0 


00 


-0 


70 


4 


76±0 


00 


58 


1 


15 


8.33±0.60 


-1 


95±0 


09 


-0 


40 


4 


68±0 


09 


40 


5 


8.27±0.56 


— 1 


96±0 


09 


-0 


40 


4 


67±0 


09 


41 


8 


16 


11.81±0.42 


— 1 


60±0 


04 


-o 


70 


5 


35±0 


04 


80 


9 


11.79±0.43 


— 1 


60±0 


04 


-o 


70 


5 


35±0 


04 


80 


9 


18 


4.53±0.43 


-1 


71±0 


08 


-0 


70 


4 


96±0 


08 


74 





4.49±0.39 


— 1 


72±0 


08 


-0 


70 


4 


94±0 


08 


70 





19 


11.76±0.41 


-1 


72±0 


04 


-0 


70 


5 


18±0 


04 


90 





11.77±0.42 


— 1 


73±0 


04 


-o 


70 


5 


18±0 


04 


91 


4 


21 


7.60±0.29 


— 1 


96±0 


05 


-0 


40 


4 


56±0 


05 


72 


3 


7.63±0.30 


— 1 


96±0 


05 


-0 


40 


4 


56±0 


05 


77 


2 


21 


10.00±0.09 


-1 


79±0 


04 


— 


70 


4 


74±0 


04 


27 


6 


9.98±0.18 


— 1 


79±0 


04 


-o 


70 


4 


51±0 


04 


22 


7 


23 


7.79±0.46 


— 1 


55±0 


18 


-0 


40 


4 


26±0 


18 


73 


8 


7.77±0.46 


— 1 


55±0 


18 


-0 


40 


4 


18±0 


18 


73 


8 


26 


8.96±0.70 


-1 


42±0 


04 


-0 


40 





32±0 


05 


52 


5 


8.94±0.70 


— 1 


43±0 


05 


-0 


40 





52±0 


05 


52 


2 


26 


11.17±0.59 


— 1 


36±0 


03 


-o 


70 


6 


40±0 


03 


46 


8 


11.15±0.63 


— 1 


36±0 


04 


-o 


70 





40±0 


04 


47 


2 


27 


4.91±0.58 


-2 


15±0 


11 


-0 


70 


5 


03±0 


11 


44 


2 


7.79±0.78 


— 1 


82±0 


05 


-1 


70 


5 


28±0 


05 


45 


4 


27 


7.90±0.70 


-1 


81±0 


05 


-1 


70 


5 


39±0 


05 


43 


6 


4.84±0.59 


— 2 


17±0 


11 


-0 


70 


5 


01±0 


11 


44 


4 


28 


11.44±0.38 


— 1 


74±0 


04 


-o 


70 


4 


91±0 


04 


88 


7 


11.44±0.38 


— 1 


74±0 


04 


-o 


70 


4 


91±0 


04 


88 


3 


29 


18.66±0.97 


-1 


42±0 


05 


-0 


70 


5 


35±0 


05 


85 


1 


18.67±0.98 


— 1 


42±0 


05 


-0 


70 


5 


33±0 


05 


84 


6 


30 


11.24±0.32 


-1 


73±0 


04 


-0 


70 


4 


96±0 


04 


59 


5 


11.23±0.33 


— 1 


73±0 


04 


-0 


70 


5 


15±0 


04 


00 





30 


8.84±0.32 


-1 


84±0 


05 


-0 


40 


4 


86±0 


05 


40 


4 


8.84±0.32 


— 1 


84±0 


05 


-0 


40 


4 


92±0 


05 


39 


9 


32 


7.15±0.35 


— 1 


93±0 


05 


-0 


40 


4 


60±0 


05 


97 


8 


7.14±0.35 


— 1 


93±0 


05 


-0 


40 


4 


48±0 


05 


97 


9 


33 


10.43±0.37 


-1 


66±0 


04 


— 


70 


5 


02±0 


04 


70 


7 


10.44±0.36 


— 1 


65±0 


04 


-0 


70 


4 


79±0 


05 


73 


5 


33 


8.97±0.51 


— 1 


73±0 


05 


-0 


40 


4 


95±0 


05 


29 


2 


8.95±0.56 


— 1 


73±0 


05 


-0 


40 


4 


71±0 


00 


20 


4 


34 


7.97±1.79 


-1 


85±0 


34 


-1 


70 


3 


76±0 


34 


54 





7.90±1.82 


— 1 


86±0 


35 


-1 


70 


3 


88±0 


35 


55 


6 


34 


5.75±0.93 


— 1 


50±0 


68 


-0 


40 


3 


90±0 


74 


37 


7 


5.75±0.93 


— 1 


50±0 


06 


-0 


40 


3 


88±0 


71 


30 


6 


37 


7.79±0.43 


-1 


68±0 


05 


-0 


40 


5 


47±0 


05 


75 


7 


7.77±0.43 


— 1 


69±0 


05 


-0 


40 


5 


32±0 


05 


74 


2 


37 


10.02±0.22 


— 1 


54±0 


04 


-0 


70 


5 


61±0 


04 


24 


2 


10.02±0.21 


— 1 


54±0 


04 


-0 


70 


5 


66±0 


04 


25 


7 


40 


9.13±0.78 


-1 


26±0 


12 


-0 


70 


5 


70±0 


13 


73 


3 


9.13±0.78 


— 1 


26±0 


12 


-0 


70 


5 


92±0 


13 


74 





42 


12.67±0.67 


— 1 


31±0 


04 


-o 


40 


5 


55±0 


04 


78 





12.66±0.67 


— 1 


31±0 


04 


-0 


40 


5 


39±0 


04 


77 


9 


43 


10.46±0.37 


-1 


69±0 


06 


-o 


70 


4 


85±0 


06 


68 


5 


10.49±0.35 


— 1 


69±0 


05 


— 


70 


4 


84±0 


05 


73 


8 


43 


9.39±0.51 


-1 


73±0 


06 


-0 


40 


4 


82±0 


07 


31 


4 


9.43±0.56 


— 1 


73±0 


07 


-0 


40 


4 


81±0 


07 


20 


1 


45 


19.32±0.97 


-0 


80±0 


06 


-0 


70 


6 


03±0 


07 


97 


9 


19.33±0.98 


— 


80±0 


00 


-0 


70 





20±0 


07 


98 





47 


10.72±0.52 


-1 


79±0 


06 


— 1 


70 


4 


86±0 


00 


47 





10.69±0.53 


— 1 


79±0 


06 


— 1 


70 


4 


78±0 


00 


47 


9 


47 


6.40±0.27 


-2 


02±0 


09 


-0 


40 


4 


59±0 


09 


45 


2 


6.39±0.27 


-2 


03±0 


09 


-0 


40 


4 


51±0 


09 


45 


5 


48 


10.32±0.49 


-1 


30±0 


07 


-0 


70 


5 


22±0 


07 


53 





10.31±0.49 


— 1 


30±0 


07 


-0 


70 


5 


02±0 


07 


53 





48 


9.30±0.64 


— 1 


34±0 


07 


-0 


40 


5 


18±0 


07 


30 


6 


9.29±0.65 


— 1 


34±0 


07 


-0 


40 


4 


98±0 


07 


30 


7 


49 


13.46±0.65 


-1 


34±0 


13 


— 1 


70 


4 


66±0 


13 


44 


3 


13.44±0.65 


— 1 


34±0 


14 


-1 


70 


4 


62±0 


14 


44 


2 


49 


9.81±0.65 


— 1 


28±0 


20 


-0 


70 


4 


57±0 


21 


27 


9 


9.80±0.65 


— 1 


28±0 


20 


-0 


70 


4 


54±0 


21 


28 


2 


49 


8.39±0.51 


-1 


32±0 


18 


-0 


40 


4 


52±0 


19 


27 


8 


8.38±0.52 


— 1 


31±0 


18 


-0 


40 


4 


49±0 


19 


27 


6 


52 


11.60±0.52 


— 1 


20±0 


03 


— 1 


70 


5 


72±0 


03 


75 


2 


11.57±0.52 


— 1 


20±0 


03 


— 1 


70 


5 


78±0 


03 


74 


7 


52 


7.47±0.46 


— 1 


42±0 


07 


-0 


70 


5 


41±0 


07 


24 


7 


7.45±0.46 


— 1 


43±0 


07 


-0 


70 


5 


44±0 


07 


25 


2 


53 


11.46±0.47 


-2 


05±0 


08 


— 


70 


4 


41±0 


08 


66 


8 


11.47±0.46 


-2 


05±0 


08 


— 


70 


4 


42±0 


08 


66 


8 


53 


10.21±0.82 


-2 


08±0 


12 


-o 


40 


4 


38±0 


12 


33 


1 


10.17±0.84 


— 2 


09±0 


12 


-o 


40 


4 


34±0 


12 


33 


1 


56 


10.96±0.65 


-1 


81±0 


14 


-0 


40 


4 


13±0 


14 


66 


3 


10.96±0.66 


— 1 


81±0 


14 


-0 


40 


4 


09±0 


14 


66 





56 


12.01±0.80 


— 1 


83±0 


16 


-0 


70 


4 


12±0 


16 


20 


6 


12.02±0.80 


— 1 


82±0 


10 


-0 


70 


4 


07±0 


10 


20 


7 


58 


10.72±0.54 


-1 


50±0 


07 


— 1 


70 


4 


97±0 


07 


63 


5 


10.69±0.56 


— 1 


50±0 


07 


— 1 


70 


5 


10±0 


07 


64 


1 




12. 19zb0. 49 






06 


— 


70 


4 


71±0 


06 


82 


7 


12. 19zb0. 49 




79±0 


00 


-o 


70 


4 


64±0 


00 


82 


8 


60 


8.36±1.24 


-2 


51±0 


31 


-0 


40 


3 


38±0 


31 


53 


6 


8.30±1.24 


-2 


52±0 


31 


-0 


40 


3 


44±0 


31 


53 


7 


60 


10.42±1.35 


-2 


31±0 


30 


-o 


70 


3 


57±0 


30 


34 


2 


10.46±1.29 


-2 


30±0 


28 


-0 


70 


3 


56±0 


28 


34 


4 


62 


8.98±0.47 


-1 


84±0 


09 


-0 


40 


4 


57±0 


09 


51 


2 


8.96±0.48 


— 1 


85±0 


09 


-0 


40 


4 


44±0 


09 


50 


5 


62 


10.88±0.45 


-1 


73 ±0 


07 


-o 


70 


4 


68±0 


07 


48 


7 


10.87±0.44 


— 1 


73±0 


07 


-o 


70 


4 


65±0 


07 


49 


4 


64 


6.06±0.27 


— 1 


80±0 


13 


-0 


40 


4 


40±0 


14 


62 


7 


6.04±0.28 


— 1 


81±0 


13 


-0 


40 


4 


49±0 


14 


61 


9 


64 


9.84±0.63 


-1 


63±0 


10 


-1 


70 


4 


64±0 


io 


32 


4 


9.77±0.64 


— 1 


64±0 


10 


-1 


70 


4 


50±0 


IO 


32 


9 


65 


12.35±2.05 


-2 


28±0 


35 


— 1 


70 


3 


82±0 


35 


71 





12.29±2.16 


-2 


29±0 


37 


— 1 


70 


3 


59±0 


37 


70 


4 


66 


6.53±0.34 


-2 


07±0 


14 


-0 


40 


4 


41±0 


14 


61 


4 


6.52±0.34 


-2 


08±0 


14 


-0 


40 


4 


59±0 


14 


61 


3 


66 


10.82±0.80 


— 1 


88±0 


12 


— 1 


70 


4 


65±0 


12 


21 


2 


10.82±0.77 


— 1 


88±0 


12 


— 1 


70 


4 


73±0 


12 


21 


6 


68 


12.11±0.67 


-2 


04±0 


11 


— 


70 


4 


04±0 


11 


74 


6 


12.09±0.67 


— 2 


04±0 


11 


— 


70 


4 


00±0 


11 


74 


7 


68 


10.92±1.11 


-2 


06±0 


19 


-0 


40 


4 


02±0 


19 


25 


1 


10.93±1.10 


-2 


05±0 


18 


-o 


40 


3 


96±0 


18 


25 





70 


11.92±0.54 


-1 


03±0 


04 


— 1 


70 


5 


67±0 


04 


83 


9 


11.90±0.54 


— 1 


03±0 


04 


— 1 


70 


5 


79±0 


04 


83 


9 


74 


13.16±0.67 


— 1 


61±0 


11 


— 1 


70 


4 


62±0 


11 


70 


6 


13.13±0.68 


— 1 


62±0 


11 


— 1 


70 


4 


83±0 


11 


77 


1 


75 


9.36±0.87 


-1 


83±0 


18 


-0 


40 


4 


09±0 


18 


37 


6 


9.36±0.88 


— 1 


83±0 


18 


-0 


40 


4 


17±0 


18 


36 


8 


75 


11.08±0.66 


— 1 


71±0 


15 


-o 


70 


4 


21±0 


15 


31 


6 


11.09±0.62 


— 1 


71±0 


14 


-o 


70 


4 


16±0 


14 


31 


7 


75 


14.71±1.06 


— 1 


69±0 


16 


— 1 


70 


4 


27±0 


16 


30 


8 


14.68±1.07 


— 1 


70±0 


10 


— 1 


70 


4 


20±0 


10 


31 


5 


76 


12.80±1.23 


-2 


00±0 


22 


— 1 


70 


4 


08±0 


22 


43 


6 


12.84±1.10 


-2 


00±0 


19 


— 1 


70 


4 


08±0 


19 


43 


7 


76 


8.36±0.98 


-2 


08±0 


24 


-0 


40 


3 


97±0 


24 


29 


8 


8.31±1.07 


— 2 


09±0 


27 


-0 


40 


3 


77±0 


27 


30 


2 


76 


9.88±0.90 


-1 


97±0 


19 


-0 


70 


4 


08±0 


19 


26 


6 


9.88±0.90 


— 1 


97±0 


19 


-0 


70 


4 


05±0 


19 


20 


1 


77 


6.93±0.94 


-2 


05±0 


33 


-0 


40 


3 


15±0 


33 


50 


2 


6.96±0.84 


-2 


04±0 


32 


-0 


40 


3 


28±0 


32 


54 


8 


77 


9.97±3.26 


-2 


13±0 


54 


-1 


70 


3 


12±0 


54 


28 


8 


9.92±3.25 


-2 


14±0 


54 


-1 


70 


3 


23±0 


54 


29 


8 


78 


8.67±4.35 


-2 


44±0 


69 


-X 


70 


3 


10±0 


69 


45 


6 


8.52±4.32 


-2 


47±0 


09 


-1 


70 


2 


97±0 


69 


47 


1 


78 


6.35±1.13 


-2 


40±0 


39 


-0 


40 


3 


12±0 


39 


30 


2 


6.28±1.37 


-2 


41±0 


42 


-0 


40 


2 


97±0 


42 


30 


3 


78 


5.48±2.17 


-2 


81±0 


52 


-0 


70 


2 


72±0 


52 


24 


2 


5.62±2.24 


-2 


76±0 


52 


-0 


70 


2 


55±0 


52 


22 


6 


80 


6.09±0.31 


-1 


61±0 


25 


-0 


40 


4 


13±0 


27 


41 


7 


6.08±0.29 


— 1 


61±0 


25 


-0 


40 


4 


18±0 


26 


41 


1 


80 


9.85±0.86 


-1 


54±0 


17 


-1 


70 


4 


32±0 


17 


31 


9 


9.81±0.88 


— 1 


55±0 


17 


-1 


70 


4 


37±0 


17 


32 


9 


80 


6.38±0.62 


-1 


80±0 


21 


-0 


70 


4 


03±0 


21 


26 


4 


6.34±0.63 


-1 


81±0 


22 


-0 


70 


4 


04±0 


22 


26 






using the / ratio between the knot continuum emission 
in the aperture and its total continuum emission. The to- 
tal mass derived for this component was 9x10 6 Mq with 
an / factor of 0.619 (61.9 per cent). As we commented 
in Sect. 3.1 for the underlying population, the age, burst 
strenght and color excess deduced for the starburst com- 



ponent are not affected by the uncertainty in the distance 
to Mrk 86. However, due to this distance uncertainty, its 
stellar mass is not known with a precision better than 
40 per cent (for a 20 per cent distance uncertainty; M. E. 
Sharina, priv. comm.). 
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Table 4. Ionized gas diagnostic 



# 


n c 


T c 


P+/H] 


[0++/H]4959 


[O++/H]5007 


[0++/H] 


[O/H] 


12+log [O/H] 


z/z 




(cm" 3 ) 


(K) 
















26 


100 


10000 


4.061(-5) 


1.642(-5) 


1.713(-5) 


1.677(-5) 


5.74(-5) 


7.76 


1/11 


32 


53 


16300 


5.570(-5) 


1.737(-5) 


1.822(-5) 


1.780(-5) 


7.35(-5) 


7.87 


1/9 


42 


100 


14900 


1.737(-5) 


>6.236(-6) 


>6.185(-6) 


>6.210(-6) 


>2.36(-5) 


>7.37 


>l/28 


47 


68 


24250 


- 


4.668(-5) 


5.274(-5) 


4.971(-5) 


- 


- 


- 


52 


10 


10000 


3.001(-5) 


1.009(-5) 


1.003(-5) 


1.006(-5) 


4.01(-5) 


7.60 


1/16 


54 


100 


17600 


- 


- 


5.199(-5) 


5.199(-5) 


- 


- 




66 


200 


10000 


4.460(-5) 


2.003(-5) 


1.896(-5) 


1.950(-5) 


6.41(-5) 


7.81 


1/10 


70 


10 


16700 


1.752(-5) 


1.412(-5) 


1.659(-5) 


1.536(-5) 


3.29(-5) 


7.52 


1/20 




55 


20300 


- 


- 


- 


- 


- 


- 


- 




n c 


T c 


[N+/H] 


[O/N] 


y+5876 


y+6678 


y+ 


y 


Y 




(cm' 3 ) 


(K) 
















26 
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3.3. Star-forming regions 

Using the maximization procedure described in Sect. |2.2| 
we derived ages, burst strengths and stellar masses for 
those regions showing Ha emission (see Table 4 in Pa- 
per I). The B - V, V - R, V - J, J - H and J-K colors 
and Ha fluxes were compared with evolutionary synthesis 
models. In this study, models 1) with metallicity in the 
range 1/5OZq<Z<2Z0 and 2) lower than solar, and 3) 
with 15 per cent and 4) a null fraction of escaping Lyman 
photons were explored. 

In Table | we show the mean age, burst strength, 
metallicity and stellar mass and their corresponding stan- 
dard deviation values for all the star-forming regions stud- 
ied. All those clusters of solutions with probability higher 
than 20 per cent are shown. This probability has been 
computed by dividing the number of Monte Carlo par- 
ticles within a given cluster relative the total number of 
particles (10 3 ). Using the mean value for the highest prob- 
ability solution cluster of each star-forming region we ob- 
tained the frequency histograms shown in Fig. |[ 

The results shown in Table || indicate that 50 per cent 
of the regions under study only show a cluster of solutions 
with probability higher than 20 per cent. In the remaining 
regions the mean differences obtained between the several 
solution clusters are 2.2 Myr, 0.15 dex and 0.14 dex in age, 
burst strength and mass, respectively, for models with a 
15 per cent fraction of escaping photons and any metallic- 
ity. These differences are even lower by using other sets of 
models -1.8 Myr, 0.10 dex and 0.10 dex, respectively, for 
the subsolar metallicity models-. In any case, these differ- 
ences are significantly lower than the dispersion observed 
in Fig. I 



From Fig. || we also deduce that there is no large dif- 
ferences in the properties derived assuming 15 per cent 
or a null fraction of Lyman photons escaping from the 
nebula. If we compare the results obtained using subso- 
lar metallicity models and those obtained for the whole 
range in metallicity, it seems that a higher number of re- 
gions older than 10 Myr and with burst strength lower 
than 1 per cent is obtained in the former case . Since the 
metallicity of the ionized gas (see Sect. 3T) is clearly 
lower than solar, we are more confident with the results 
obtained using subsolar metallicity models. The Princi- 
pal Component Analysis performed on the highest prob- 
ability solution clusters indicate that the direction in the 
(t,b,Z) space that better reproduces the data variance is 
(w t ,w 6 ,u z ) = (+0.707,+0. 707,0.000). This fact suggests the 
existence of a small degeneracy between age and burst 
strenght. 

In the lower panels of Fig. || we show the stellar 
mass distribution. The stellar masses (see also Table |!|) 
have been computed using the X-band absolute magni- 
tudes measured within the apertures and the mean mass- 
to-light ratio of the highest-probability solution cluster. 
These stellar masses were corrected for the aperture effect 
by dividing them by the factors / given in Table | (see 
Sect. |2~2l ). 

Finally, the age, burst strength and mass values ob- 
tained for these regions are represented in Fig. || using 
different sized symbols. In Fig. ||a the size of the symbols 
used is related with the age of the burst, larger symbols 
represent younger regions. In Fig. ^b the symbol size is 
proportional to the burst strength, and finally, in Fig. 0c 
its size is proportional to the burst stellar mass. Figs.^ 
and |^a show that the age of the star-forming regions is 
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Fig. 2. Frequency histograms for the age (upper panels), 
burst strength (central panels) and stellar mass (lower 
panels) of the star-forming regions. These distributions 
have been obtained considering only one solution for 
each star-forming region. This solution corresponds to the 
mean of the highest-probability solution cluster, (see Ta- 
He H 



well constrained between 5-13 Myr. There is no significant 
age gradients across the different structures observed in 
the Ha image (see Sect. 0). 

It should be noticed that the age and burst strength 
values derived are not affected by the Mrk 86 distance un- 
certainty, since only aperture colors and equivalent widths 
have been used in this work. 

Since we have adopted in our models a fixed mass-to- 
ligth ratio and colors for the underlying stellar popula- 
tion, the contamination from intermediate aged popula- 
tions could yield sistematically higher age, burst strength 
and stellar mass values in some regions. This could be the 
case of the #45, #49 and #59 regions, contaminated from 
the central starburst continuum emission. On the other 
hand, the ignorance on the actual mass-to-light ratio of 



Fig. 3. Age, burst strength and stellar mass of the star- 
forming regions using a symbol size code overplotted on 
the Ha image. 



the underlying population, as we pointed out in Sect. 3.1, 
may introduce slight uncertainties in the stellar masses 
derived. However, although the absolute values for these 
masses would be quite uncertain, the relative differences 
should be similar. 
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3.4- Gas diagnostic for the star-forming regions 

In Table 5 of Paper I we gave the emission-line fluxes 
measured in 4.30x2.65arcsec 2 regions centred in the max- 
imum of the emission knot section covered by the slit. 

The gas electron densities have been obtained from the 
[ Sn]A 6716A/[Sil]A673lA line ratio following Osterbrook 
( |1989D - When the latter line ratio was not measurable we 
adopted an standard density of rt o =100cm~ 3 . In the cases 
where the ([O m]A4959A+[0 in] A5007A)/[O in] A4363A 
line ratio was measurable, we determined the electron 
temperatures applying the algorithms given by Gal- 
lego ( |1995| ). The corresponding oxygen, nitrogen and he- 
lium abundances were also computed using the algo- 
rithms given by Gallego (1995). Since the HeiiA4686A 
emission-line fluxes were not measurable we could not 
determine the He in abundance. In addition, since the 
[Sm]AA9069,9532A emission lines were not accessible, we 
assumed a ionization correction factor of 1 and, conse- 
quently, y=y + . A summary of the electron densities, tem- 
peratures and chemical abundances deduced is given in 
Table [§ 

Finally, we have compared the line ratios measured 
with the predictions of a grid of model nebulae taken from 
Martin ( 1997 ) and originally calculated with CLOUDY. The 
nitrogen-to-oxygen and carbon-to-oxygen abundance ra- 
tios used were those employed by Martin ( 1997[ ). The oxy- 
gen abundance was 0.2 (0/H)q. 

In Fig. I the extinction corrected [O in] A5007A/H/3, 
[Sn]AA6717,673lA/Ha, [Oii]A3727A/[Oiii]A5007A and 
[Nn]A6583A/Ha line ratios jointly with the models pre- 
dictions have been plotted. We have drawn models 
with effective temperatures in the range 40000-50000 K 
and ionization parameters between logU=— 1.91 and 
log U=— 4.60. Solid-lines represent the change in the line 
ratios for different ionization parameter values between 
log U=— 1.91 and —4.60 at increments of 4.7 in U. Thicker 
lines mean higher temperatures. The dashed-lines repre- 
sent the change in the line ratios as a function of the ef- 
fective temperature for a fixed ionization parameter. In 
all these diagrams the ionization parameter of the models 
increases from right to left. In Fig. ||a we also show the 
change in the line ratios measured along the major axis 
of the expanding bubble Mrk 86-B (GZG) from North to 
South (dotted-line). 



As it was pointed out by Martin (1997), the bulk of the 
discrepancy of these line ratios with the prediction of pho- 
toionization models suggests the existence of an aditional 
excitation mechanism. This discrepancy will be higher us- 
ing lower metallicity models. The contribution of this ad- 
ditional mechanism (or mechanisms) is more significant, 
relative to that produced by photoionization, in the case 
of the #45, #54 and #70 star-forming regions. In the lat- 
ter case, the anomalous line-ratios measured are probably 
related with enhanced shocked gas emission in the Mrk 86- 
B bubble fronts (see GZG). The contamination from the 



Mrk 86-B north lobe could be also responsible for the line 
ratios measured in the #54 region. 

3.5. Comments on several individual regions 

#9, #10, #12, #22, #55, #57, #79, #84 and #85: All 
these regions show photometric Ha emission, but very 
faint or undetectable i?-band continuum emission. There 
are two feasible explanations for this very faint continuum 
emission. 

First, these regions could be high gas density clumps 
photoionized by distant stellar clusters. Then, they should 
be placed in regions with intense diffuse Ha emission. This 
could be the case of the #9, #10, #12, #22, #55 and #57 
regions. 

On the other hand, at the early evolutionary stages 
of a starburst the emission-line equivalent widths can be 
as high as 1000 A. Thus, star- forming regions with low 
burst strength will be only detectable by their Ha or 
[Om]A5007A emission. This could be the case of the #79, 
#84 and #85 regions. 

#26 & #27: These regions conform a massive associa- 
tion (see GZG) with very complex structure. The best- 
fitting model for the #26 region yields an age of about 
~ 10 Myr with a high burst strength value. On the other 
hand, the #27 region is a younger burst (5 Myr) with low 
burst strength and complex Ha emission structure (see 
Fig. ||). The peculiar velocity profile obtained by GZG 
suggests that this association could belong to an indepen- 
dent stellar system merged with Mrk 86. In Fig. ||we show 
the continuum and Ha structure of this association. From 
this figure is not clear if the Ha emission arises from pho- 
toionization of the #26, #27 or both stellar clusters. The 
Ha fluxes of the #26 and #27 regions given in Table 5 of 
Paper I are those measured for the north-east and south- 
west structures shown in Fig. |^ (right panel), respectively. 
#42, #70 & #18: These regions correspond to the star- 
burst precursors of the Mrk 86-A, Mrk 86-B a nd M rk 86-C 
expanding bubbles, respectively (see Martin 1998| , GZG). 
From Fig. ^ we observe that these regions have extreme 
properties. In particular, the #70 region shows the highest 
burst strength (excepting #45 region and the central star- 
burst) and the #18 region is the youngest of the regions 
analyzed in Sect. |3.3| . 

4. Global interpretation of the Mrk 86 star 
formation history 

Summarizing, we have derived the properties of three well 
defined stellar populations; 

1. Underlying population: Exponential surface profile, 
red colors, no significant color gradients. The ages de- 
rived range between 5 and 13Gyr. 

2. Central starburst: 20 per cent burst strength, 
30 Myr old and total stellar mass of about 9x 10 6 Mq. 
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Fig. 5. #26 and #27 regions. B, R, Ks and Ha images are shown. North is up and East is to the left. The scale is 
0'.'33pixel _1 . The size of these images is approximately 0.4kpcx0.5kpc. 



3. Star-forming regions: Low burst strengths (^2 per 
cent), ages between 5-13 Myr and low gas metallici- 
ties. No significant age or metallicity gradients are ob- 
served. 



4-1- What has been ocurring during the last 30 Myr? 

Most of the Hil regions in Mrk 86 are located in an bar 
oriented in north-south direction and placed 20" west of 
the galactic center (see Fig. || and Fig. 2 of Paper I) and 
in an arc going from south-east (#58 & #64 regions) to 
north (#13 & #16 regions) of the central starburst. There 
is no significant age gradients across these structures, sug- 
gesting the existence of a large-scale triggering mechanism 
that activated the star formation simultaneously in most 
of these regions about 10 Myr ago. 



We propose that the large-scale triggering mechanism 
for the recent star formation was produced by the growth 
of a superbubble originated at the galaxy central star- 
burst by the energy deposition of stellar winds and su- 
pernova explosions. In some cases, local triggering mecha- 
nisms are also present. This could be the case of the com- 
plexes formed by the #26-#27, #26-#18, #58-#64 and 
#16-#13 regions. These complexes are constituted by an 
evolved burst (age>10Myr) -the former-, and a very re- 
cent star- form ing ev ent, about 5 Myr old -the latter- (see 
Stewart et al. |2000|) 



Hereafter, we will mainly focus on the large-scale trig- 
gering mechanism described above. Following the models 



of Silich & Tenorio-Tag le Ql998[ STT hereafter; see also 
De Young & Heckman 1994), these collective supernova 



remnants grow at first elongated in the direction perpen- 
dicular to the galaxy disk. Due to this, the remnant blows 
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out into the galaxy halo, leading to the formation of a 
secondary shell of swept out gas. About 20 Myr after the 
first supernova explosions (for the STT A100 model) the 
superbubble surrounds the inner densest part of the disk. 
Then, the leading shock, going through outer less dense 
regions, merges with its symmetrical counterpart. During 
this merging process a large fraction of swept out mass 
is strangled shaping a dense toroid. This region does not 
participate in the general outward motion, being strongly 
compressed towards the galaxy plane. As a result of this 
compression the activation of the star formation in the 
gas toroid could be produced if the mean surface d ensity 
will be hi gher t han 5-10M Q pc~ 2 (S killm an ct al. |l987 ; 
Kennicutt 1989| ; see also Taylor et al. 1994| for a sample of 
H II galaxies) . 

The predictions described above correspond to the 
A100 model of STT. This model assumes a 10 10 M mas- 
sive galaxy with 10 per cent gas content, ISM central 
density of n =20.2cm -3 , burst energy of i?burst=10 56 erg 
and gas metallicity, Z=0.3Zq. For this model, adopting a 
toroid width of 500 pc and a strangled mass of 2x 10 8 Mq, 
the surface density of the gas at the toroid will be about 
64Mqpc -2 . This value is intermediate between the gas 
surface densities measured in normal disks and in th e 
infrared-seleted starbursts studied by Kennicutt ( 1998[) . 
The galactocentric distance and epoch predicted for the 
formation of the toroid in the A100 STT model are 1.5 kpc 
and 25-30 Myr, respectively. 

In the case of Mrk 86 the epoch for the formation of 
this toroid should be about 20 Myr (the age difference be- 
tween the starburst and currently star-forming regions) 
at a radius of 0.8 kpc. Although these values well agree 
with the properties deduced for the A100 STT model, the 
high dependence of the evolution of the superbubble on 
the ISM density profile and the distance uncertainty for 
Mrk 86 prevent us to carry out a more quantitative analy- 
sis. However, this scenario provides a reliable and attrac- 
tive explanation for the evolution of the star formation 
activity in Mrk 86. 

Finally, it should be noticed that the time since the for- 
mation of the toroid (~10Myr) is significantly lower than 
the galaxy rotation period (~90Myr), avoiding the dis- 
ruption of this toroid by differential rotation. The galaxy 
rotation period was obtained using a projected angular 
velocity of 44 km s -1 kpc -1 and assuming an inclination 
of the rotation axis relative to the plane of the sky of 50° 



(GZG; see also Gil de Paz p000| ). 

The scenario described above is similar to that ob- 
served in other nearby dwarf star-forming galaxies. Thus, 
in the LMC the two arcs of stellar clusters place on the 
LMC4 superbubble rim round a population of 30 Myr old 
super giants and Cepheid variables (Efremov & Elmegreen 
19981). A similar study for the DEM192 superbubble also 



4.2. What did happen 30 Myr ago? 

Although we can accept that most of the recent star- 
forming activity in Mrk 86 was originated by a superbub- 
ble produced at the central starburst, we need to solve the 
question about the nature of the triggering mechanism of 
the star formation in the galaxy central starburst. 

Under the evolutionary scenario described above, the 
observational properties of Mrk 86 about 30 Myr ago 
would be very similar to those of the nucleated Blue Com- 
pact Dwarfs (nE BCDs). It should show a very bright 
central starburst superimposed on an exte nded underly- 
ing component (see Papaderos et al. 1996a and references 
therein). This fact suggests the existence of an evolution- 
ary connection between the different kinds of Blue Com- 
pact Dwarf galaxies. Therefore, the question about the 
star formation triggering in the central starburst of Mrk 86 
is equivalent to the problem of the activation of the star 
formation in the BCD galaxy population as a whole. 



Taylor et al. ( |1993[ ) hypothesized that the close passage 
of a companion galaxy has triggered the present burst of 
star formation (the central starburst in the Mrk 86 case) 
in many (if not all) of the BCD galaxies. These kind of dis- 
tant encounters are well aceptcd to lead the lost of angular 
momentum in the gas component, resulting in the fall of 
large amount s of g as to the gala xy cen tral regions (Barnes 
fc He rnquist |1992| ; Taylor et al. |1994| ; Mihos & Hernquist 
1996). This radial inflow will be very efficient in Mrk 86, 



because of the low dark matter content expected for this 
object (GZG; see Taylor |l997l ). 

The first candidate for such a tidal inter- 
action is NGC 2537A (a(2000)=08 /l 13 m 40.9 s 
J(2000)=+4 5°59'4 1"). However, the study of Heyd 



& Wiyckoff (1992) and the 21cm line intensity map (see 
Fig. ||) show that this object is clearly a background 
galaxy. Then, the next candicate for the central star- 
burst triggering is UGC 4278 (a(2000)=08 ,l 13 ,Ti 58.8 s 
<5(2000)=+45°44'36"), a nearly edge-on spiral galaxy 
placed at a projected distance of about 33 kpc relative to 
Mrk 86 (see Fig. ^). Its heliocentric velocity is 553 km s -1 
(Goad & Roberts 1981; see also Schneider & Salpeter 
1992), and its radial velocity relative to the CMB is 



in the LMC was carried out by Oey & Smedley (1998) 



715kms~ 1 . 

The offset of this galaxy relative to the Tully-Fishcr 
template obtained by Giovanelli et al. (1997) is 0.66 m in 
the /-band (R. Giovanelli, priv. comm.). Therefore, its pe- 
culiar radial velocity will be — 253kms~ 1 , being the radial 
velocity corrected for peculiar motions 968kms _1 . Then, 
the distance to UGC 4278 could range between 13 and 
19Mpc, respectively for h=0.75 and 0.5. The large differ- 
ence b etween this value and that derived by Sharina et al. 
( |l999t see also Sect. 2.1 of Paper I) for Mrk 86 suggests 
that UGC 4278 is also a background galaxy. 

Therefore, another triggering mechanism should be ar- 
gued to explain the activation of the star formation in 
the Mrk 86 central starburst. This triggering mechanism 
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Fig. 6. Left-panel: VLA (D configuration) 21cm line intensity map courtesy of E. Wilcots. North is up and East is to 
the left. The edge-on spiral galaxy east-south of Mrk 86 is UGC 4278. The grey scale flux ranges between 0.025 and 3 
kJyms -1 beam -1 (see the upper bar on the figure). The beam size for this configuration is 46"(HPBW). Right-panel: 
i?-band image obtained with the Wide-Field Camera (WFC) at the INT (see Paper I). 



could be related with the presence of previous massive star 
forming events. Our study has not revealed the existence 
of such an intermediate aged stellar population, proba- 
bly excepting the #26 and #27 regions. As we indicated 
in Sect. |3.5| (see also GZG), the association constituted 
by the #26 and #27 regions shows a very steep velocity 
gradient that could be produced by the velocity field of 
an independent low mass system merged or in process of 
merging with Mrk 86. In that case, this merging process 
could be responsible for radial inflow of gas that led to the 
star formation activation in the central regions of Mrk 86. 
However, the large-scale distribution of neutral hydrogen 
in this galaxy (see Fig. ^; E. Wilcots, priv. comm.) indi- 
cates that, if this merging process took place, it should 
occur long time ago, probably several orbital periods ago. 

5. Summary and conclusions 

The main conclusions derived from this work are summa- 
rized hereafter. 

— The Blue Compact Dwarf galaxy Mrk 86 is constituted 
by three well defined stellar populations. An evolved 
(5-13 Gyr old) stellar component characterized by an 
exponential light profile, no significant color gradients 
and low metallicity. A massive (^9x10 6 Mq) central 
starburst, about 30Myr old, with very low dust con- 
tent and high burst strength (~20 per cent). And, 
finally, a young stellar population distributed in, at 
least, 46 star-forming regions. These star-forming re- 



gions are characterized by very low metallicities, burst 
strengths and stellar masses. 

— The distribution of the star-forming regions properties 
suggest that their star formation triggering is related 
with a large-scale mechanism. Following the models 
of Silich & Tenorio-Tagle (1998), we propose that the 
growth of a superbubble produced by the energy de- 
position at the galaxy central starburst led to the for- 
mation of a dense toroid of ISM mass. Then, the high 
gas surface densities reached produced the activation 
of the current star-forming activity. 

— Finally, we studied the possible triggering mechanisms 
for the activation of the star formation in the galaxy 
central starburst. Since both candidates for a distant 
encounter, NGC 2537A and UGC 4278, seem to be 
background galaxies, the merging with a low mass 
companion seems the most feasible explanation for this 
central starburst activation. 
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